Background: Hepatocellular carcinoma (HCC) significantly contributes to the global burden of cancer. Liver cancer is the third most frequent cause of cancer-related death, with HCC representing more than 90% of primary liver cancers. During the last decade, much progress has been made with respect to the definition of patient populations at risk who may benefit from surveillance strategies, as well as in the diagnosis and treatment of the disease. Summary: New locoregional and systemic therapies have significantly increased the survival of patients with HCC. A multitude of clinical trials addressing patients with HCC have led to advancements in the allocation of subgroups of patients to their optimal individual treatment strategy. This review provides an overview on recent developments in diagnostic and therapeutic modalities and an outlook on future directions in the management of HCC. Key Message: New locoregional and systemic therapies in patients with HCC have significantly improved clinical outlook and patient survival. This review provides an overview of recent developments in diagnostics and therapeutics, as well as an outlook on future directions in the management of HCC. Practical Implications: Transabdominal ultrasound is the method of choice for the surveillance of patients at risk of developing HCC, and any suspicious focal lesion in the liver should be characterized. Contrast-enhanced ultrasound with application of second-generation contrast agents enables visualization of tumor vascularity. The Barcelona Clinic Liver Cancer (BCLC) system is the most widely used classification system to guide the clinical management of HCC. Liver resection should be considered for patients with well-preserved liver function and without portal hypertension or elevated bilirubin. Patients not suitable for resection should undergo local tumor ablation. Candidates who are eligible for liver transplantation
Introduction
Hepatocellular carcinoma (HCC) significantly contributes to the global burden of cancer. Liver cancer is the third most frequent cause of cancer-related death, with HCC representing more than 90% of primary liver cancers [1] . During the last decade much progress has been made with respect to definition of patient populations at risk who benefit from surveillance strategies as well as to diagnosis and treatment of the disease. This has led to the publication of several staging and treatment algorithms and not less than 17 guidelines worldwide on the management of HCC. Recent updates of the guidelines developed by the American Association for the Study of Liver Diseases (AASLD) as well as by the European Association for the Study of the Liver (EASL) have been released [2] [3] [4] . All guidelines provide a concise summary on current evidence-based approaches. This review gives a short overview on the major topics in the clinical management of HCC in combination with an outlook on possible future directions.
Epidemiology
Annually, more than 500,000 patients are diagnosed with liver cancer worldwide, with HCC accounting for 85-90% of all cases. The highest prevalence of HCC is in developing countries with more than 80% of cases. Both incidence and mortality rates are significantly higher in male subjects [1, 5] . In parallel to the geographic variations in the distribution of HCC, a diversity in etiology and in the age at disease onset can be observed. Worldwide hepatitis B virus (HBV) infection is the most dominant risk factor and accounts for at least 50% of HCC cases, in spite of the fact that a vaccine against HBV has been available for more than 20 years. In regions with predominant vertical transmission of HBV (e.g. Eastern Asia), patients are diagnosed with HCC at a younger age in comparison to North America and Europe, where hepatitis C virus (HCV) infection is the leading viral cause of HCC. Because of the predominant horizontal transmission of HCV infection in adulthood, the onset of HCC occurs in more advanced age. Besides alcoholic liver cirrhosis, the metabolic syndrome (diabetes mellitus, obesity) has become more and more important as a causative factor during the last decades [1] , especially in developed regions of the world, which may lead to a definition of a larger target population for surveillance in the future.
Surveillance
Transabdominal ultrasound is the method of first choice for the surveillance of patients at risk of developing HCC. Low costs, non-invasiveness, absence of procedure-related risks and wide availability in combination with a high diagnostic accuracy are the key features of the method. However, it should be emphasized that examiners need to be trained adequately with the method as the quality of the examination strongly depends on the experience of the examiner. Furthermore, the quality of the ultrasound machine and the physical condition of the patient are important factors. HCC is diagnosed by ultrasound with a sensitivity of 86% and a specificity of 77% [6] . Alternative imaging techniques for patients at risk are currently not recommended as surveillance tools because they are not cost-effective. Only in special settings, e.g. patients on the waiting list for liver transplantation or in case of insufficient assessment of the liver by ultrasound, a more sensitive and objective imaging method (CT or MRI) should be considered. Repeated examination at 6-month intervals is recommended according to published guidelines [2, 3, 7] . The use of alpha-fetoprotein (AFP) in the surveillance and diagnosis of HCC is no longer recommended in the current EASL and AASLD guidelines due to its low specificity, whereas it is part of the recommended surveillance in combination with ultrasound in the Asia Pacific region [7] . The diagnostic yield of tumor markers is enhanced by a combination of different biomarkers added to AFP. The combination of des-gamma-carboxy prothrombin (DCP) and AFP-L3% with the assessment of AFP levels improved both sensitivity and specificity in the diagnosis of HCC [8, 9] . Further effort needs to be invested for the development and implementation of a set of biomarkers into surveillance strategies of patients at risk.
Diagnosis
Suspicious focal lesions in the liver detected by transabdominal ultrasound need to be characterized. The distinction of HCC from focal liver lesions of other origin is mandatory.
Significant changes in the vascular supply of nodules occur during hepatocarcinogenesis that allow non-invasive differentiation of dysplastic nodules from HCC. In dysplastic nodules portal venous flow is maintained but hepatic arterial flow is decreased, whereas hepatic arterial flow increases in early HCC accompanied by a decrease in portal venous flow. In advanced HCC the blood supply is maintained by the abnormal hepatic artery branches. Tumor cells progressively replace normal bile canaliculi and normally functioning hepatocytes [10] . In the cirrhotic liver, the diagnosis of HCC can therefore be based on non-invasive criteria applying dynamic contrast-enhanced imaging modalities searching for the unique dynamic radiological features of HCC, with early contrast uptake in the arterial phase (hypervascularization) and washout in the portal venous or delayed phases. However, to detect the radiological hallmarks of HCC in a cirrhotic liver, special requirements on the quality of imaging have to be met. Diagnostic CT should comprise at least three phases following the injection of contrast media (arterial, portal-venous and late phase). Dynamic contrastenhanced MRI is the only alternative imaging method to CT accepted in Western guidelines.
Contrast-enhanced ultrasound (CEUS) with application of second-generation contrast agents such as SonoVue ® allows excellent visualization of tumor vascularity and has been shown to be accurate in the diagnosis of HCC in multicenter studies. A recent meta-analysis reported a sensitivity of 81% and a specificity of 86% in HCC <2 cm in size when compared to histology [11] . However, CEUS was not recommended as a diagnostic tool in the current AASLD and EASL guidelines because of low specificity with inadequate differentiation from intrahepatic cholangiocarcinoma [12] and the fact that CEUS is not available in the USA. The fact has raised controversial discussions [13] in Europe, and the recently published German S3 guidelines explicitly include CEUS as a first-line diagnostic option in the non-invasive diagnosis of HCC [14] .
Specific new-generation contrast media offer the chance of further improvement in the diagnostic yield of MRI and ultrasound. However, the use of liver-specific contrast media in MRI imaging is not part of the current recommendations in the EASL and AASLD guidelines either. Gadoxetic acid, Gd-EOB-DTPA, is a hepatocyte-specific contrast agent for MRI that is taken up into the hepatocytes and secreted into the biliary system via distinct transporter proteins [10] . Assessment of the hepatobiliary phase in MRI after application of gadoxetic acid further enhances the sensitivity of MRI in the detection of HCC [15] . Sonazoid is a hepatocyte-specific ultrasound contrast agent that also results in a 'washout' of HCC in the postvascular Kupffer cell phase. In Asia it is therefore recommended as a decisional tool concerning hypovascular lesions <1 cm in size [16] . Sonazoid-enhanced ultrasound was even more sensitive in the detection of focal liver lesions than CT [17] .
In the non-cirrhotic liver and in case of atypical contrast behavior of the liver lesion in CEUS, CT or MRI histological diagnosis of HCC is demanded. However, the high incidence of sampling errors when performing biopsies on small focal liver lesions with false-negative findings in up to 30% of lesions <2 cm [18] needs to be considered when comparing the performance of non-invasive methods to histology as the gold standard. As there is a risk of tumor seeding of 2.7-11% [19, 20] , fine needle biopsy should only be performed in wellselected cases and in case of clinical consequence of biopsy.
Tumor size is a critical factor impacting on the diagnostic accuracy of invasive and noninvasive methods in HCC ( table 1 ) . Algorithms for the non-invasive diagnosis of HCC in the cirrhotic liver therefore give recommendations depending on the size of the lesion ( table 2 ) . In case of a nodule >1 cm in size, the AASLD proposes one high-quality imaging method with evidence of typical radiological hallmarks as being sufficient for the diagnosis of HCC. The European guidelines propose a more conservative approach for lesions 1-2 cm in size, with a second confirmatory imaging method recommended in non-excellence centers. In the Asia Pacific region the size of a lesion does not matter if it shows typical hallmarks in one contrastenhanced imaging.
Staging
Tumor stage, liver function and clinical performance status of the patient are the three major factors that influence therapeutic decisions and prognosis in patients with HCC. Several staging systems involving these factors have been developed for the specific assessment of patients with allocation to prognostic groups and treatment apart from the TNM system. The most disseminated and applied system directing the clinical management of HCC in the Western world is the Barcelona Clinic Liver Cancer (BCLC) classification [21] ( table 3 ) .
HCC with extranodular growth or of the confluent multinodular type more frequently presents with satellite lesions than early HCC and the single nodular type [22] . Poor differen- tiation and a size >5 cm are associated with increased risk for intrahepatic spread [23] . Data on well-evaluated cohorts of patients concerning the extrahepatic manifestations of HCC are still lacking, and knowledge concerning the incidence of metastases is derived from large case series and autopsy studies. The lungs (18-60%), abdominal lymph nodes (27-42%) and 
German S3 guideline
Arterial hypervascularization and rapid washout of contrast media with reversal of contrast in comparison to surrounding liver parenchyma is sufficient in high-risk patients and securely detectable in tumors >1 cm. Three-phased contrast-enhanced cross-sectional imaging is necessary. CT, MRI and CEUS are options. Focal liver lesions <1 cm should undergo follow-up with contrast-enhanced imaging in a 3-month interval. In case of missing hallmarks, biopsy is recommended for lesions <2 cm. In lesions >2 cm, a second contrastenhanced imaging method is recommended, but biopsy is also an option.
ESMO-ESDO guideline [19] No clear recommendations with respect to size of lesion. Multiple-phase CT or dynamic contrast-enhanced MRI with detection of typical vascular hallmark of HCC.
APASL = Asian Pacific Association for the Study of the Liver; ESMO-ESDO = European Society for Medical
Oncology-European Society of Digestive Oncology. bones (2-25%) [24, 25] are the most frequent sites of distant metastasis in clinical series, while in an autopsy series the diaphragm and the adrenal glands were more frequent metastatic sites than the bones [26] . Younger age, high expression of AFP in the serum and vascular invasion are significant predictors of development of metastatic disease [24] . It is still debated whether the occurrence of extrahepatic spread significantly influences the survival of patients [27, 28] or whether intrahepatic progressive tumor disease is the most relevant factor in the presence of extrahepatic spread. Intrahepatic tumor burden assessment by contrast-enhanced MRI is recommended in the current guidelines and critical for decision-making in patients who are planned for liver resection or transplantation. CT provides optimal information in the staging of the abdomen and thorax. In a prospective clinical study the routine use of chest CT and bone scan did not provide additional information on metastases in HCC patients with BCLC 0, A, C or D stages and led to a stage shift from BCLC B to C in about 5% of patients [29] .
Stage-Dependent Treatment
The current European Guidelines endorse the BCLC algorithm for treatment decisions. The heterogeneity of patients with intermediate (BCLC B) HCC requires further subclassification to support treatment decisions [30] . Some clinical scenarios are not adequately reflected in the algorithm. Treatment decisions for the individual patient therefore should be reached by an interdisciplinary team. The BCLC treatment recommendations are summarized in table 3 .
Liver resection should be considered for patients with well-preserved liver function and in the absence of portal hypertension or elevated bilirubin. If nodules in these patients do not exceed 3 cm, radiofrequency ablation (RFA) is as effective as resection concerning overall survival. When addressing all patients with tumors up to 5 cm, a large meta-analysis reported better survival for patients who had undergone hepatic resection [31] . Patients not suitable for resection should undergo local tumor ablation with RFA being the preferred recommended option. Percutaneous ethanol injection has been abandoned as a routine tool but still is an option in patients who are technically no candidates for RFA (e.g. expected heat-sink effect due to large vessels near the tumor). If the nodule planned for RFA is 3-5 cm in size, clinical studies support tumor embolization in advance of RFA [32, 33] which, however, is not part of the BCLC algorithm. Patients within the 'Milan criteria' are candidates for liver transplantation, but the current guidelines for the evaluation of these patients for transplantation need to be followed strictly. Because of the high drop-out rates on the waiting lists for transplantation, bridging therapy -transarterial chemoembolization (TACE), RFA or resectionshould be considered.
Patients in BCLC B benefit from locoregional transarterial therapy, and TACE is the treatment of choice, aiming at a combination of cytotoxic and ischemic effects. In the absence of internationally accepted treatment standards for TACE the comparison of results of (randomized controlled) trials is hampered due to a broad variety of applied techniques. In a prospective randomized controlled trial (RCT), TACE applying drug-eluting beads was as effective as chemoembolization using Lipiodol-Gelfoam particles, but had less systemic toxic side effects [34] .
Sorafenib is the only systemic therapy for which prolonged overall survival of patients with advanced disease has been demonstrated, and it is therefore recommended in cases of well-preserved liver function (Child A) [3, 14] . In patients with impaired liver function (Child B) there are no data from RCTs showing a survival benefit for these patients. At present, no second-line therapy can be recommended in case of tumor progression in patients treated with sorafenib, and the results of many ongoing clinical trials are eagerly awaited.
Future Developments
The therapeutic armamentarium for HCC is evolving at a fast pace, with many therapeutic options currently being under evaluation. They include a variety of local or locoregional treatment modalities (e.g. Y90 radioembolization, cryoablation, microwave ablation and brachytherapy by external beam radiation or by interstitial high-dose brachytherapy). Furthermore the combination (in parallel or sequentially) of different locoregional treatments and the combination of systemic and locoregional treatment are being studied. New systemic treatment agents and their potential as second-line options or in combination with sorafenib in first-line settings are under evaluation.
Y90 radioembolization shows promising results in patients with intermediate-stage HCC, and a RCT randomizing against TACE needs to be conducted. So far, data from single-armed cohort studies and matched-pair evaluations of Y90 radioembolization report promising results and include patients with a high tumor load of the liver or portal vein thrombosis. TACE on the other hand is recommended because of two RCTs in patients with rather little tumor load of the liver [35] [36] [37] [38] [39] . In patients with a tumor load of the liver >70% or in cases with significant elevation of bilirubin levels Y90 radioembolization is of no benefit. More insight will be obtained from RCTs evaluating Y90 radioembolization against systemic treatment with sorafenib or in combination with systemic treatment with sorafenib (SORAMIC). It may be expected that Y90 radioembolization will prolong survival in patients with more advanced BCLC B stages and eventually even in BCLC C stages. A RCT addressing the combination of TACE and sorafenib (SPACE) failed to achieve its primary endpoint. This is attributed mainly to problems in trial design and execution.
The elucidation of molecular mechanisms of hepatocarcinogenesis resulted in the development of numerous molecular-targeted therapies that need to be tested in clinical settings as to whether they are superior to sorafenib in prolongation of survival for patients with advanced HCC. The majority of targeted therapies is based on tyrosine kinase inhibition, amongst other targets mainly in angiogenetic pathways and/or the mTOR pathway.
In a phase II study on tivantinib, patients with high c-Met expression in the tumor tissue showed significant prolongation of time to progression and overall survival compared to placebo in patients who failed on sorafenib, while patients lacking this overexpression did not benefit. The substance is currently being evaluated in a phase III trial. The important information derived from this phase II trial was that identifying biomarkers from tumor tissue can be predictive for the effect of targeted therapies. This will lead the current trend of diagnosing HCC non-invasively towards more frequent tumor biopsies. Further treatment concepts currently studied are based on immunotherapy and oncolytic viruses [40] .
Studies addressing the combination of a second systemic agent in combination with sorafenib are limited because of the significant toxicity when administering two anticancerous drugs to patients with liver function impairment because of liver cirrhosis. So far, no drug combination has been shown to be superior to monotherapy with sorafenib in patients with advanced HCC concerning survival.
Conclusion
The burden of HCC continues to increase worldwide, but effective management strategies have changed the picture to an optimistic one. New diagnostic criteria and staging algorithms help the managing physician, and a growing armamentarium of treatment options benefits the patients. Liver function frequently still represents a major limitation for the therapeutic options that can be offered. The most encouraging approach therefore remains
